Transfusion-related acute lung injury is the most common cause of serious morbidity and mortality associated with the transfusion of plasma-containing blood components. The syndrome can be confused with other causes of acute respiratory failure. Herein, we describe a 71-year-old man who was transfused with fresh frozen plasma due to prolonged INR, and died of what was considered as transfusion-related acute lung injury, despite treatment.
Introduction
Transfusion-related acute lung injury (TRALI) is the most common cause of serious morbidity and mortality associated with the transfusion of plasma-containing blood components. The syndrome can be confused with other causes of acute respiratory failure. Herein, we describe a 71-year-old man who was transfused with fresh frozen plasma due to prolonged INR, and died of what was considered as TRALI, despite treatment.
Case report
A 71-year-old man was admitted to our hospital due to prolonged INR (13.5) . The patient had a history of coronary artery bypass grafting for coronary artery disease and mitral valve replacement with a metal one 14 years earlier. Since then he was treated with acenocoumarol. On admission the patient was hemodynamically stable with normal vital signs. The 12-lead surface electrocardiogram revealed a known atrial fibrillation with an acceptable ventricular response. The treatment team decided to administer fresh frozen plasma (FFP) in order to correct the prolonged INR. An uneventful transfusion of 2 FFP units took place and a repeat INR measurement was scheduled for a few hours later.
However, 4 h after FFP transfusion, the patient experienced a sudden onset of dyspnea, tachypnea (35 breaths/min), cyanosis, profuse diaphoresis and hypoxemia (oxygen saturation < 75%). The patient's blood pressure was 170/90 mmHg, and his temperature was normal. On physical examination, breath sounds were markedly decreased, and chest auscultation revealed bilateral diffuse crackles. There were no signs of volume overload, and his jugular venous pressure was normal. There were no electrocardiographic changes, and the test results for cardiac enzymes were within normal limits. A complete blood count revealed elevated white blood cells (30 000), compared to 5 500 on admission, and platelet reduction. A chest radiograph showed coarse alveolar infiltrates and a normal cardiac silhouette, findings that are indicative of noncardiogenic pulmonary edema. Echocardiography demonstrated a preserved left and right ventricular function with no other eminent pathology. On admission to the intensive care unit, the patient was stabilized with the administration of intravenous diuretics and corticosteroids.
Due to following marked hypotension, the attending team decided to initiate inotropic treatment with dopamine and dobutamine. During the following hours, the patient gradually became anuric and was set on hemofiltration. Transaminasemia was established, and 12 h after admission, selective intubation and mechanical ventilation due to mixed acidosis was decided.
Disseminated intravascular coagulopathy was excluded. A few hours later the patient died despite the full support described above.
Discussion
TRALI was first reported in 1951 [1] , and 1957 [2] , and findings from the initial case series were published in 1966 [3] . As distinguishing biomarkers are absent, TRALI is a clinical diagnosis. The lack of a standardized definition of TRALI has contributed to under-diagnosing of this syndrome, as well as has hindered its epidemiology and research investigation. In recognition of this problem, a case definition of TRALI based on clinical and radiological parameters was formulated during a consensus conference by the US National Heart, Lung and Blood Institute in 2004 [4] . The definition is derived from the widely used definition of acute lung injury (ALI) and its more severe form, acute respiratory distress syndrome (ARDS), as proposed by the North American-European Consensus Conference consensus [5] . These criteria include the acute onset of hypoxia with bilateral pulmonary infiltrates, no evidence of left ventricular overload (transfusion-associated circulatory overload) and the presence of a risk factor for ALI/ARDS. TRALI is defined as the fulfillment of the definition of ALI within 6 h after transfusion in the absence of another risk factor for ALI. Although this definition appears straightforward, a complicating factor is that the characteristics of TRALI are indistinguishable from ALI due to other etiologies, such as pneumonia, sepsis, aspiration, lung contusion, multiple fractures, and pancreatitis. Using this definition would rule out the possibility of diagnosing TRALI in a patient with an underlying ALI risk factor who has also received a transfusion. To identify such cases, the terms "possible TRALI" or "transfused ALI" were developed, which allow for the presence of another risk factor for ALI [6] . Given the uncertainty of the relationship of ALI to the transfusion in possible TRALI, this term facilitates separate categorization in surveillance systems to permit comparisons across systems.
The pathogenesis of TRALI has not been fully elucidated. In theory, any cell-containing blood product or plasma-rich blood product can cause TRALI. To the present, two hypotheses have been proposed. The first hypothesis suggests that TRALI is caused by donor antibodies against human neutrophil antigens or human leukocyte antigens (HLA) in the lungs of the recipient [7] . However, the association between HLA antibodies in donor plasma and TRALI is not supported by hard data. A significant fraction of TRALI cases exhibit no detectable antibodies. Furthermore, many antibody-containing blood products fail to produce TRALI. An alternative hypothesis implicates a two-event model. The first event is an inflammatory condition of the patient (e.g. sepsis, recent surgery) causing sequestration and priming of neutrophils in the pulmonary compartment. The second event is the transfusion itself, containing either antibodies or bioactive lipids that have accumulated during blood storage, stimulating the primed neutrophils to release proteases [8] . In both hypotheses the result is endothelial damage, capillary leak and extravasation of neutrophils.
The mainstay of treatment for TRALI remains supportive care. If the suspected blood product is still being transfused, it should be discontinued immediately [9, 10] . Furthermore, all TRALI patients require additional oxygen, while mechanical ventilation is unavoidable in 70%-90% of the cases [11] . In accordance with treatment of ALI patients, it could be speculated that restrictive tidal volume ventilation should be applied to avoid worsening of lung injury [12] . Specific treatment strategies for TRALI, however, have not yet been developed. Therapeutic options for TRALI based on the investigation of G2A receptor have been reported, however results are not conclusive [13] . Since the pathophysiology and etiology of TRALI have yet to be fully elucidated, and because there is no rapid diagnostic test, there are no clear recommendations for the prevention of new TRALI cases [14] . Whereas mortality of ALI is 40%-60%, the majority of TRALI patients improve within 48-96 h after the insult, when appropriate respiratory support is supplied [15] . However, a high level of suspicion is required for the prevention, and especially early treatment of the condition.
